ABSTRACT The design of assembly line layout is one of the most important influential factors for the company's performance. The inappropriate arrangement of the order of workstations in the assembly line could cause the excessive movement of the material. In order to increase productivity and reduce production cost, a multi-objective optimization model with minimum the transfer distance of semi-finished products and the total area of assembly line was established in this paper. The Non-dominated Sorting Genetic Algorithm-II was applied to obtain the results of this model. The coding method, genetic operation and fitness function for three different kinds of sewing assembly line layouts (multi-line, U-shape two-line and U-shape threeline) were studied, while the workstations were organized in three ways: the order of processes, the type of machines, and the components of garment. The efficiency of the model was verified by the practice of sewing assembly lines for men's shirt. The layout schemes are compared with other algorithms. The results illustrated that NSGA-II algorithm is an effective tool to solve the sewing assembly line layout problem. The transfer distances of semi-finished products in the multi-line and U-shape (three-line) layouts arranged by garment components workstation layout were short. The multi-line layout arranged by the type of machines workstation layout occupied the smallest area. The model is suitable for solving the layout problem of the garment sewing workshop in practice, shortening the production cycle, and reducing the production cost. A variety of assembly line layout schemes are provided for apparel manufacturers in this paper. Apparel manufacturers can select the appropriate assembly line layout based on the actual conditions of the workshop and product.
I. INTRODUCTION
With the rapid development of society, the demand of clothing products is more diversified. In order to quickly respond to the demands of multi-variety, small batch and shortcycle production, and effectively improve the production efficiency, the role of workshop logistics planning and layout in manufacturing system has become increasingly prominent [1] . The reasonable assembly line layout and logistic route improve the operation efficiency, production quality and reduce costs. The reasonable layout of assembly line can reduce the waste rate of production space, increase the utilization rate of the workshop area and expand the The associate editor coordinating the review of this manuscript and approving it for publication was Zhonglai Wang. production scale. The reasonable planning of the logistics route can effectively shorten the transfer distance of semifinished products, reduce the logistics cost, and improve the production efficiency of the workshop [2] . However, in practice, the assembly line layout is usually arranged based on the subjective experience of technicians. This empirical layout scheme has some disadvantages such as poor adaptability and low fluency of semi-finished products operation. It may result in low production efficiency and high production logistics cost, thus reducing the economic benefits of enterprises [3] .
In the garment production process, most semi-finished products are in a state of stagnation or transfer, only 5% of the time is used for processing the semi-finished products. 20%-50% of operating expenses are used for handling and storage of semi-finished products [4] . In addition, such as oil stains, chromatic aberrations, etc., may be caused during the stagnation and transfer of semi-finished products [5] . The transfer of the semi-finished products requires time and operators. Reasonable arrangement of the semi-finished product transfer routes can shorten the transfer time, improve the production efficiency and the output [6] .
The transfer of semi-finished products in garment sewing assembly line is complicated. There are great differences between the assembly lines based on the different organizational models. In order to improve the operation efficiency of semi-finished products in the sewing assembly line, it is very meaningful to study the layout of assembly line according to the actual situation of enterprises.
Generally, the assembly line layout can be divided into the five forms according to the arrangement shape and the flow pattern of semi-finished products.
(1) Straight layout is to arrange the workstations in a straight line, so that the semi-finished products transfer along the straight line from the first workstation during processing. But straight layout space is often narrow. It is suitable for assembly lines that the production process is short and simple, or the number of processes and machines is small.
(2) U-shape layout is to arrange the workstations according to the processing order, so that the logistics route is U-shape. This kind of layout is more compact and suitable for production workshops with small length and width.
(3) S-shape layout refers to the arrangement of workstations along the S-shape of logistics. It can be used to arrange longer process assembly line layouts in a larger shop area, such as automotive assembly line.
(4) The circular layout is to arrange the workstations along the circular shape. This layout is suitable to produce finished products that need to be returned to the starting point.
(5) Multi-line layout means that the workstations are arranged in multi lines. Semi-finished products can be transferred between different workstations perpendicular to the line or along the line. This layout can save the workshop space and the semi-finished products transfer paths are flexible. It is mainly applied to the assembly line layout with various kinds of processing products and complex processes.
There are many kinds of processes and machines involved in garment sewing assembly line. The multi-line layout, U-shape (two-line) layout and U-shape (three-line) layout of garment sewing assembly line are discussed in this research according to the characteristics of assembly line layout.
In general, production process of garment is relatively long, which also affects the transfer distance of semi-finished products. Fortunately, the workstations can be arranged reasonably by three different layouts based on production cycle. The order of processes workstation layout (PWL) is to arrange the workstations according to the processing order, as shown in Fig.1(a) . The type of machines workstation layout (MWL) is that machines required for the same processing contents are arranged in same workstation, as shown in Fig.1(b) . And the components of garment workstation layout (GWL) is to produce each garment component as a workstation, as shown in Fig.1(c) .
In this paper, the layout model of the apparel assembly line was analyzed by the practice of men's shirt manufacturing. The NSGA-II algorithm (Non-dominated Sorting Genetic Algorithm-II) algorithm was applied to obtain the layout schemes of different sewing assembly lines. The optimum way of the sewing assembly line in different workstation layouts could be found according to the results obtained from the model calculation. This paper was organized as follows: The assumptions, constraints and objective functions of the assembly line layout model were described in Section 2. The NSGA-II algorithm design was specifically described in Section 3. The men's shirt assembly line was used as an example, the different assembly line layouts for different workstations layouts and were optimized. Each optimization scheme was compared to each other to select an effective solution. A detailed experimental design and results were presented in Section 4. Discussion was illustrated in Section 5. In Section 6, several conclusions were summarized.
II. LITERATRUE REVIEW
The selection of appropriate optimization objectives and methods to solve layout problem has become a research hotspot. For example, Armal and Letchford [7] established a single-row facility layout optimization model to minimize material transfer distance. Ariafer and Ismail [8] studied U-shaped layout to minimize material handling costs between and within cells. Yang et al. [9] explored the specific solutions for logistics path problem in the layout of ring facilities and minimized the material handling cost. Kochhar [10] optimized the layout of multi-story workshops. According to characteristics of logistics path in multi-story workshops, VOLUME 7, 2019 it was better to reduce the production costs from the horizontal material handling costs, and the vertical material handling costs.
It can be found that most researches focus on reducing the semi-finished product logistics distance and handling cost in the field of optimizing assembly line layout. There are few studies focus on the layout of garment sewing assembly lines that consider both semi-finished product transfer distance and assembly line area. In this research, a comprehensive garment sewing assembly line layout model is proposed, which considers the semi-finished product transfer distance and assembly line area.
The line layout problem is the determination of the most efficient physical arrangement of equipment in the factory floor of the manufacturing system to meet one or more objectives [11] . In recent years, several heuristic methods have been proposed in the literature to find the optimal solution of the production line, including particle swarm optimization [12] , simulated annealing [13] and an ant system [14] and genetic algorithm (GA) [15] . The main disadvantage of these methods is that they do not explore enough possibilities when generating a solution, so random search algorithms are the only viable alternative, although they may only lead to near-optimal solutions.
Most of these research results are focus on singleobjective optimization problems, while there are few studies on multi-target facility layout optimization. The solution to the multi-objective optimization problem is to transform the multi-objective optimization problem into a single-objective optimization problem, and then solve it by a single-objective genetic algorithm [16] - [18] , which is not a true multiobjective optimization algorithm. Assembly line layout falls within the category of multi-objective optimization problems.
As with most issues, layout optimization requires consideration of multiple objectives that need to be optimized simultaneously with constraints. These problems are solved by multi-objective optimization techniques. In these problems, a set of several equally good (non-dominated) optimal solutions (rather than a single best advantage) is obtained and is called a Pareto set [19] . In fact, the optimal solution for Pareto concentration is becoming an increasingly effective method of determining the necessary trade-offs between conflict objective functions [20] .
For many years, GA has been widely used for single objective functions [6] and multi-objective functions [21] . The advantage of genetic algorithm is that it does not require any initial guessing on the decision variables. GA uses several points of population as well as probability operators, namely reproduction, crossover, and variation obtained from natural genetics [22] . In addition, GA only uses the value of the objective function, instead by using any derivatives required by the gradient search technique [23] . Deb and colleagues developed a non-dominated sorting genetic algorithm (NSGA) to solve multi-objective optimization problems. NSGA-II introduces the concept of elitism [20] . An important feature of NSGA-II is that the best members are selected from the combined pool of parents and children (generated by crossing and mutation), and these become the parent of next generation [24] .
Hosseini and Seifbarghy [25] proposed an integrated approach for dynamic facility layout problem considering the material handling equipment. The objectives of this problem were minimization of the fixed costs of MHE, minimization of material handling cost and minimization of machine rearrangement costs. The solution was obtained by NSGA-II algorithm. Chen et al. [26] used the NSGA-II algorithm to optimize the design of the steam generator and the primary loop of nuclear power plant. Bhattacharya and Bandyopadhyay [27] presented an energy recovery facility planning method considering energy loss, transport performance and space demand. NSGA-II algorithm was used to obtain the optimal layout. Yang et al. [28] combined the energy mixing facility model with the NSGA-II algorithm as a multi-objective optimal facility allocation model to allocate renewable energy facilities on the roof of campus buildings.
The main purpose of this research work is to optimize the layout of garment sewing assembly lines by using NSGA-II. The objectives of the optimization include reducing material transfer distance and production line area. The validity of the algorithm is verified by the application of the existing actual running factory data.
III. MODEL FORMULATION
The quality of assembly line layout of the workshop affects the transfer distance of semi-finished products and the total area of workshop [29] - [31] . The amount of material transferred depends on the matching degree between product processes and workstations [32] , [33] . The total area of assembly line depends on the positional relationship between the workstations [34] - [36] . The enterprises hope that the semi-finished products are transferred in the shortest distance, while workstations require the minimum total area. Therefore, in this paper, a multi-objective optimization model considering the above two factors is established.
A. ASSUMPTIONS
In this paper, the mathematical models are supported by literature reference [37] - [39] , to maintain the reasonable and scientific nature of the hypothesis. The assumptions for the establishment of multi-objective model are listed as follows:
1) The workstations are rectangles, and their lengths and widths are known. The workstation can be arranged in two ways: its length direction is parallel to the length of workshop; its width direction is parallel to the length of workshop.
2) The centers of workstations on the same row are in the same horizontal line.
3) There is a minimum separation requirement between different workstations. 4) All workstations are sequentially arranged in the order of the length of workshop.
B. PARAMETER VARIABLES
According to assumptions and requirements of the modeling, constraints are proposed. Calculation formulas of four vertexes coordinates of the smallest rectangle including all workstations are shown in Eq (1), (2) , (3), (4) .
where, i is the index of workstation, i = 1, 2 . . . , N ; N is the total number of workstations; x i is the center point abscissa of the workstation i; y i is the center point ordinate of the workstation i; C i is the placement direction of workstation i; L i is the length of the workstation i; W i is the width of the workstation i; x a is the abscissa of the lower-left vertex of the smallest rectangle including all workstations; x b is the abscissa of the upper-right vertex of the smallest rectangle including all workstations; y a is the ordinate of the lower-left vertex of the smallest rectangle including all workstations; y b is the ordinate of the upper-right vertex of the smallest rectangle including all workstations. When workstation i is the first workstation in the first row, the workstation center coordinates are calculated as follows:
where, d 0 is the minimum horizontal distance between the workstation and workshop boundary (width of workshop), unit: m; h 0 is the minimum vertical distance between the workstation and workshop boundary (length of workshop), unit: m.
Constrains of binary conditions of variables are shown in Eq (7) and Eq (8) .
where, C i = 1 means the long side of the workstation i is parallel to the length of workshop; C i = 0 means the long side of the workstation i is parallel to the width of workshop.
where, Z ir = 1 indicates that the workstation i is on the r th line; Z ir = 0 indicates that the workstation i is not on the r th line.
C. CONSTRAINTS
In this research, the layouts of the assembly lines are divided into three types: multi-line, U-shape (two-line), U-shape (three-line), which are shown in Fig. 2 to Fig. 4 . As shown in Fig. 2 , the assembly line has more than two rows. Eq (9) ensures that each workstation is placed at one location.
where, r is the index of rows, r = 1, 2 · · · , R; R is the total number of rows; Z ir is the workstation i in the r th row. Eq (10) guarantees that the number of workstations in a row does not exceed the total number of workstations.
Eq (11) ensures that there is no overlap or intersection between workstations in the same row.
where, d ij is the minimum lateral spacing that must be maintained between two adjacent workstations i and j, unit: m. Eq (12) guarantees that the center points of workstations in the same row are on the same horizontal line.
Eq (13) ensures that there is no overlap or intersection between workstations of two adjacent rows.
where, j and e are the indexes of workstation, j, e = 1, 2 . . . , N ; y j is the center point ordinate of the workstation j; y e is the center point ordinate of the workstation e; h is the spacing between two rows, unit: m. VOLUME 7, 2019 Eq (14) ensures that the sum of the total length of the workstations in a row and the minimum horizontal spacings of the workshop boundaries is less than the length of the workshop.
where, LL is the length of the workshop, unit: m; n is the index of the last workstation in a row, n = 1, 2 . . ., N . Eq (15) guarantees that the length of the minimum rectangle including all workstations does not exceed the length of the workshop.
Eq (16) ensures that the width of the minimum rectangle including all workstations does not exceed the width of the workshop.
where, HH is the width of the workshop, unit: m.
As shown in Fig. 3 , when the total length of workstations in a row exceeds the length of workshop, the workstations automatically turn around to form a U-shaped (two-line) mode. The constraints are the same as multi-line.
As shown in Fig. 4 , K + 1 is assumed to be the number of workstations in the first row (1 < K < N − 2). When the (K + 2) th workstation is placed in the first row and the total length of the workstations exceeds the length of workshop, the (K +2) th workstation is placed on the second row. And the remaining workstations are placed on the third row. Eq (17) calculates the abscissa of workstation center point.
Eq (18) calculates the ordinate of workstation center point. The remaining constraints are the same as multi-line. 
D. OBJECTIVE FUNTICTION
Objective function 1: Minimizing the transfer distance of the semi-finished products. (19) where, F is the total transfer distance of semi-finished products, unit: km; Q ij is the transfer frequency of semi-finished products from workstation i and workstation j; D ij is the broken line distance or linear distance between workstation i and workstation j, unit: m. Objective function 2: Minimizing the area occupied by the sewing assembly line.
where, S is the area of the assembly line including all workstations, unit: m 2 .
IV. MATHODLOGY
The NSGA-II algorithm is applied to efficiently obtain the optimization results of multi-objective assembly line layout. The NSGA-II algorithm can be simply divided into seven steps: (1) coding, (2) population initialization, (3) calculation of fitness value, (4) non-dominated sorting and calculation of congestion, (5) selecting operation, (6) crossing operation (7) mutation operation. The flow chart of NSGA-II algorithm is shown in Fig. 5 . The specific processes are listed as follows.
Step 1: The workstations are coded with real numbers.
Step 2: The overall size is set, and the initial population is generated according to the constraints.
Step 3: According to the objective function value of each individual, the rapid non-dominant sorting of the contemporary population and the congestion distance are calculated.
Step 4: Individuals are selected by the tournament mechanism based on the results of the ranking and congestion distance calculations. And then individuals are crossed and mutated.
Step 5: The elite retention strategy is implemented. The parent and child are combined. A new generation of populations is generated by selecting a combined population by fast non-dominant sorting and virtual congestion distance.
Step 6: The number of iterations is increased by 1, and step 3 is returned. This loop will continue until the maximum number of iterations is reached.
A. CODING
The order of the workstations is coded by using natural number. Each workstation corresponds to a gene position in the chromosome. The chromosome coding method is listed as follows. Fig. 2, Fig. 3 and Fig. 4 , the chromosomes of three different assembly line layouts (multi-line, U-shape two-line, U-shape three-line) are shown in Fig. 6 . 
B. POPULATION INITIALIZATION
In this research, the population initialization process is implemented in three steps:
Firstly, the row number of workstations is randomly generated, and the workstation numbers of each row are obtained. The sorting of generated workstation numbers is broken. The minimum position on the bottom left corner and the maximum position on the top right corner of the smallest rectangle including all workstations are generated. Based on the maximum position and the minimum position, the abscissas of the workstations in these two rows are generated.
Then, the workstations are sorted from left to right based on the abscissas. From the leftmost position, the abscissa of the first workstation is compared with that of the second workstation, and then the abscissa of the second workstation is compared with that of the third workstation. The abscissas of two adjacent workstations in the row are compared to determine whether there is a crossover. It is judged whether the center distance between two adjacent workstations is less than the sum of 0.5 times the lengths of the two workstations and the security interval d 0 . If the center distance between two adjacent workstations is greater than the sum of 0.5 times the lengths of the two workstations and the security interval, there is no crossover.
As shown in Fig. 7 , d is assumed to be the center distance of two adjacent workstations (m i , m j ),
As shown in Fig. 7 , m i is the leftmost workstation in the workshop, m e is the rightmost workstation in the workshop. C i = 1, C e = 1. The constraint is that x i needs to satisfy is as follows:
Another constraint is that x e needs to satisfy is as follows:
Finally, temp0(temp0=0) is generated as a ruler. The height of first row at the bottom layer is the sum of temp0 and h 0 , which give the height of all the workstations in each row. The ordinate of workstations in fist row is the sum of the height of first row and 0.5 times of the maximum height of workstations in first row. If it is not the last row, the new ruler should be the sum of temp0 and the maximum height of the workstation in the row and the row spacing h. If it is the last row, the new ruler should be the sum of temp0 and the maximum height of the workstation in the row. The difference between the width of the workshop and the rule is determined to satisfy the constraint. If it is not less than h 0 , the constraints are satisfied.
As shown in Fig. 7 , m n , m g , m k is the highest workstation in each row, h is the distance between the edge of the highest station and the shop floor in the last row. C n = 0, C g = 0, C k = 0. The constraint that h needs to satisfy is as follows.
C. CALCULATION OF FITNESS VALUE
The abscissa, ordinate and number of each workstation in each row are obtained by decoding. Then the Hamming distance and the Euclidean distance are calculated. It is looped in turn, resulting in x a , x b , y a , y b .
D. NON-DOMINATED SORTING AND CALCULATION OF CONGESTION
The fast non-dominated sorting solution is found and classified into a first-level non-dominated solution. After that, a new non-dominated solution is found in the remaining solutions and classified into a second-level non-dominated solution. The loop will be running in turn until all solutions are assigned.
When the ranks of the non-dominated solutions are the same to each other, it is necessary to distinguish the advantages and disadvantages, according to the crowding distance of the non-dominated solutions. And the evenly distributed solution is preferentially selected since the relatively large crowding distance.
E. SELECTING OPERATION
The selected population evolution is close to the position of the non-dominated optimal solution for the purpose of the average dispersion of the non-dominated solution frontier.
The method of binary tournament selection is to arbitrarily select two non-dominated solutions (i and j) and put them into the mating pool. The individual i is better than j when the non-dominated level rank i < rank j ; if rank i = rank j , the congestion distance was d (i) distance > d (j) distance . Elite retention strategies are adopted to accelerate the rate of convergence.
F. CROSSING OPERATION
Deb and Agrawal found that the progeny individuals produced by single-point crossover had the same geometric center as their parents. Thus, they designed the simulated binary crossover (SBX) to make real-coded crossover operator has this property. Therefore, simulated binary crossover (SBX) is used for multi-objective optimization of assembly line layout, as follows:
where, x k (1) and x k (2) are the pre-crossover parent individual genes; x k+1 (1) and x k+1 (2) are individual genes of the progeny after crossing; β is a uniformly distributed random number, β (0, 1); µ is a cross-distribution index, generally µ = 20.
G. MUTATION OPERATION
Polynomial mutation strategy is applied to perform the mutation operation. If the gene position v i (the i th center) of a chromosome is selected for mutation, a random number δ between (0, 1) is first generated, and then a new cluster center is generated by the following formula: (27) where, η m is the variation distribution index, generally η m = 20. In this research, polynomial variation is performed with 50% probability, and a new individual is regenerated with 50% probability.
V. CASE STUDY
The sewing assembly lines under different layout schemes were analyzed by the model established. The transfer distance of semi-finished products, and the area of sewing assembly line of men's shirt were studied on the results of analysis.
A. EXPERTMENT DATA
As shown in Fig. 8 , there are 48 processes in the production of the men's shirt. The workstations are arranged in three different layouts according to the production cycle, as shown in Table 1 . The type of sewing machine included in the workstation, the number of sewing machines in the workstation, directions, lengths and widths of workstations under different layouts were shown in Table 1 .
As shown in Table 1 , the men's shirt sewing assembly line can be divided into 14 workstations and 26 sewing machines according to workstation layouts of process and machine. According to the workstation layout of garment components, different machines need to be arranged in the workstation, so there are more sewing machines required. And there are 15 workstations and 41 sewing machines in the sewing assembly line.
B. PARAMETER SETTING
The length of the workshop was 100m and the width was 50m. The minimum distance must be maintained between two adjacent rows of workstations was 2.5m. The minimum lateral spacing between the workstation and the workshop boundary was 4m. The minimum longitudinal spacing between the workstation and the workshop boundary was 2m. The minimum horizontal distance between the same equipment was 0.7m. The minimum lateral distance between different equipment was 1m. The initial population size of the NSGA-II algorithm was 200, and its genetic algebra was 500.
C. ANALYSIS OF RESULTS
After calculation, the layout optimization schemes for the assembly lines of men's shirt were shown in Table 2 .
As shown in Fig. 9 and Fig. 10 , for the assembly lines of PWL, the semi-finished products of the U-shape (twoline) layout had the shortest total transfer distance and occupied the smallest area, the semi-finished products of multi- line layout had the longest total transfer distance and occupied the largest area. For the assembly lines of MWL, the semi-finished products of U-shape (two-line) layout had the shortest total transfer distance, the total transfer distance of semi-finished products of multi-line layout was close to that of the U-shape (two-line) layout, but the area of the multiline layout was the smallest. For the assembly lines of GWL, the total transfer distance of the semi-finished products of the multi-line and U-shape (three-line) layout were shorter than that of U-shape (two-line), but the area of the U-shape (twoline) was smallest. Among the nine optimized assembly lines, the total transfer distances of the semi-finished products of the multi-line and U-shape (three-line) layout arranged by GWL were the shortest (13km), while the area of sewing assembly line of multi-line layout arranged by MWL was the smallest (234m 2 ). In the contrast, the semi-finished products of the U-shape (two-line) arranged by GWL had the longest total transfer distance(18.6km), while it occupied the largest area (596m 2 ). 
VI. COMPARISONS WITH OTHER APPROACHES
Many researchers have proved the high computational complexity of different layout design problems. Many heuristic algorithms [40] , [41] and meta heuristic algorithms have been proposed to solve single-row and multi-line layout design problems. Nevertheless, genetic algorithm (GA) is the most popular used method to solve the problem of assembly line layout [21] , [42] , [43] . In most cases, it has been shown that GA concludes better solutions than other metaheuristics methods in assembly line layout problem [44] - [46] . The solution found by the NSGA-II algorithm was compared with the optimal solution of the adaptive genetic algorithm (AGA) and the genetic simulated annealing algorithm (GA-SA).
Combined optimization objective function of assembly line layout.
where, α 1 and α 2 are normalization factors. In order to ensure the dimensions of the two parts of the function are unified, the calculation formulas of α 1 and α 2 are as follows.
where, β 1 and β 2 are weighting factors, they are determined by the degree of emphasis on the semi-finished products transfer and assembly line area in actual production. The weighting condition is satisfied β 1 + β 2 = 1. In this research,
The comparison results between the different approaches are shown in Table 3 . The best values achieved for each problem are highlighted in bold.
As shown in Table 3 , the results indicate that the NSGA-II algorithm obtains more effective solutions than other algorithms. In the solutions of the AGA algorithm, three types of assembly lines have the smallest production line area, but the transfer distance of the semi-finished products is longer than that obtained by the other two algorithms. In the solutions of the GA-SA algorithm, the transfer distance of the semi-finished products of the U-shaped (two-line) under the arrangement of garment components is the shortest, but the assembly line area is larger than that obtained by the other two algorithms. In the solutions of the NSGA-II algorithm, eight types of assembly lines have short transfer distance of the semi-finished products and small area. Although the AGA algorithm and the GA-SA algorithm improve the GA algorithm, this method converts the multi-objective optimization problem into a single-objective optimization problem, and indirectly solves it by using the mature single-objective optimization method. The weight vectors of the objectives are determined in advance, and each objective has a different dimension. The weight coefficients are used to linearly combine multiple objectives with different physical meanings. And the weight coefficients of the objective function are subjective and unscientific. In fact, the optimal solution obtained by this method is only one solution in the optimal solution set, so it is difficult to obtain the optimal optimization effect. Therefore, the assembly line layouts generated by NSGA-II algorithm are significantly better than that obtained by other algorithms. The comparison results also illustrate that the transfer distances of semi-finished products in the multiline and U-shape (three-line) layouts arranged by GWL were short. The multi-line layout arranged by MWL occupied the smallest area.
VII. DISCUSSION
As shown in the Fig. 2, Fig. 3 and Fig. 4 , it can be concluded that multi-line layout and U-shaped (two-line) layout can arrange more workstations in a certain space, while the Ushaped (three-line) layout requires more space to arrange the same number of workstations. Most importantly, the multiline and U-shaped (two-line) layout will be better types of sewing assembly line for companies with restricted areas, while companies want to arrange more machines in their factories.
As shown in Table 1 , in PWL and MWL, there are seven workstations need one machine. In GWL, there is only one workstation need one machine and six workstations with two machines. Therefore, the area of three assembly lines of GWL is larger than that of PWL and MWL.
Generally, the workstations could be arranged by three different ways (PWL, MWL and GWL) based on different layouts of assembly lines. Different from the random arrangement of the workstations, the three kinds of workstation layouts (PWL, MWL and GWL) were more reasonable, they are not only saved semi-finished products transfer distances but also reduced production costs [47] . According to PWL, the semi-finished product has short transfer distance and production cycle. It is suitable for producing a single variety of garment products. According to MWL, the transfer distance of semi-finished products is shorter than that of PWL, but the machines can serve different kinds of garment, while the utilization rate of sewing machines is high, so it is suitable for producing garment with varied styles. According to GWL, the transfer distance of the semi-finished product is short, and the production cycle is short, while the reaction speed is fast. It is suitable for producing multi-variety and small batch of garment [48] - [50] .
VIII. CONCLUSION
In this research, NSGA-II algorithm is proposed to solve sewing assembly line layout problem. The approach considers different types of assembly lines (multi-line, U-shape two-line, and U-shape three-line) of manufacturing layout environment, while the workstations are organized in three ways (the order of processes, the type of machines, and the components of garment). The optimal layout of assembly lines is obtained by NSGA-II algorithm, which minimizes the transfer distance of semi-finished products and the area of assembly line. The results are also compared with the optimal assembly line layouts obtained by GA-SA algorithm and AGA algorithm. The comparison results indicate that the NSGA-II algorithm is more effective and has a higher chance of obtaining the best solution for the sewing assembly line layout problem. The multi-line and U-shape (three-line) assembly lines arranged by GWL would be better ways to arrange the workstations in the factory to save area and reduce semi-finished products transfer distances. PWL is suitable for producing a single variety of garment products. MWL is suitable for producing garment with varied styles. GWL is suitable for producing multi-variety and small batch of garment. Apparel manufacturers can select the corresponding assembly line layout based on the conditions of product and workshop. The research design and research methods of the model can also be applied to other industries.
There are many studies on the optimization of assembly line layout in the automotive industry and other fields, which is a blank in the garment industry. It should be the first time that NSGA-II algorithm has been applied to the layout optimization of garment sewing assembly line. Other algorithms are used to optimize the layout of garment sewing assembly line, which is the content of our future research. Production systems that respond quickly to market changes and costeffective responses are becoming more and more popular in global enterprises. Alternative layouts are generated by using simulation techniques to predict he fluency and efficiency of the production line, which is undoubtedly another promising area of research.
